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For this test, assume the standard ee140 device process parameters unless otherwise
indicated.
1_) In some non-standard process you have a two-stage CMOS op-amp with the
following specs:

e Ry= 100k, Gmi=Ims, C,;=100f

o Ryp=10k, Gnp=10mS, C,=1pF
You want to use the amplifier in unity gain feedback.
1A) If the compensation capacitor Cc is zero, what is the frequency of the first and
second poles? What is the unity gain frequency? What is the phase margin?

- }'3'}‘:) Uy :
M2 oy, . / . .
’ / cemn /A’/J/{/&"L{/ [éwq_ [ (( b o/ Y
O
™Mo




N

1B) If you were to add 10fF to Cc, what is the change in the two pole frequencies, and
the unity gain frequency that would result? (I want an exact answer in radians/sec) In this
case, what is the feedback factor f for which this amplifier has 45 degrees of phase

margin?
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1C) Starting from the original C¢=0 case again, if you want to get 45 degrees of phase
margin in unity gain feedback, you can add capacitance to one of three nodes. How
much capacitance would you need to add to C; to get 45 degrees of phase margin? What

if you only added capacitance to C,? What if you only added capacitance to C., with a
series resistor Rz? What value should you use for Rz?
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2_) You are designing a two-stage CMOQ /o/p-amp, and you need a gain error of less
than 1% in unity gain feedback aéOMHZ. Your amp needs to drive a load capacitance
of 10pF, and you have found that youneed a 2pF compensation capacitor which gives
you a phase margin of 60 degrees. All transistors are biased with 0.5V Vpgar, and all
have the same channel length.

What is the minimum unity gain frequency of your amplifier?

What is the minimum tail current of your differential pair?

What is the minimum channel length for your transistors if you want an overall gain of
25007
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3_) Design a CMOS folded cascode amplifier with the following specs:
e Input common mode range includes the top rail
e Output swing to within 300mV of both rails
e 100uA drain current in all transistors in the signal path
e 5V single-sided supply
all channels are lum Lo, o (L= Lw}
You may use one resistor in the bias circuit for your design. All other devices must be

transistors. :

Draw your amplifier and it’s complete bias circuit. Maybe draw it on scratch paper first QW“‘
so that you can draw it neatly here!

Assume that the input common mode is biased at 2.5V, and label all node voltages and

all branch currents.
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For each device (or pair of devices if they are identical) in your design, calculate the
device width, drain current, saturation voltage, transconductance, and output resistance.
LABEL YOUR CIRCUIT DIAGRAM with W/L and Vpsat values for each transistor.
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What is the output impedance of your op-amp?
What is the gain of your op-amp?
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